Introduction
Economic theory has had a large influence on neuroscience and has greatly informed our understanding of how neural circuits may generate decisions. However, the relationship between ideas that originated in economics and other ideas regarding how associative information is organized conceptually and represented in neural circuits is unclear. For example, the orbitofrontal cortex (OFC) has been associated with at least two classes of behaviors. One set of studies implicates the OFC in economic decisions (e.g. choices between different dishes on a restaurant menu), which reflect the values assigned to the available goods [1] [2] [3] [4] 5 ]. These studies emphasize the subjective nature of value and the need to integrate across multiple dimensions. Another set of studies shows that the OFC contributes to learned behaviors dependent on the ability to represent the current value of expected outcomes (e.g. choosing not to go to the restaurant at all, if the restaurant specializes in something you just had last night) [6 ,7 ,8-10] . These studies emphasize the need to use inference and a model of the environment, rather than direct experience, to derive a value. These two literatures have remained largely separate, although experimental findings such as the effects of OFC lesions on behavior following outcome devaluation procedures have been interpreted in both frameworks [11 ] . A potentially unifying concept is that of value, but the operational definitions of value used in neuroeconomics and in learning theory have been difficult to align. Here we discuss some conceptual questions with the intent to clarify the relationship between the two frameworks. The article is written in the form of a dialogue. While we refer explicitly to the OFC, many of the concepts and issues addressed here are more general and pertain also to other brain regions.
Subjective value and economic choice
GS: Lets start with general definitions. What is economic value? Is economic value adequately operationalized by current experimental approaches, which are essentially defined by choices? CPS: Here I use the terms ''utility'', ''economic value'' and ''subjective value'' as equivalent. Subjective values measured behaviorally are always derived from choices. Economic theory tells us (roughly) the following. If an individual makes a set of choices that satisfy transitivity, her choices can be described as if they were dictated by a subjective value. Transitivity is satisfied if every time X is preferred to Y and Y is preferred to Z, X is preferred to Z. The subjective value function is defined up to a monotonic transformation [12] .
In our studies, we often simplify the analysis by assuming that value functions are linear (i.e. that the subjective value of two drops of apple juice equals two times the subjective value of one drop of apple juice). If this is true, an adequate set of choices between, say, apple juice and grape juice will provide an operational measure for the subjective value of any quantity of grape juice in units of apple juice (or vice versa). Under this assumption, we and others have shown that subjective values are explicitly represented in OFC and other brain regions [11 ,13-15] . 
